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Apples-to-Apples Comparison Demonstrates the Feasibility
of LMDS Above 40 GHz

This paper addresses some of the technical misleading and inaccurate technical

representations made by CellularVision in their comments1
• A partial summary of

CellularVision's mis-statements and the corresponding technically correct statements

are provided in the following table. The obyious conclysion il that LMPS is f.asibl,

in th. 40.5 • 42.5 GHz band. The remainder of this paper provides support for this

statement.

Correct Itchnic.1 Statem.nt

LMOS service above 40 GHz would cost 30 to 40 LMDS ..rvice above 40 GHz will coat about the
times as much as 28 GHz LMDS. ..... as 21 GHz LMDS.

LMDS operation above 40 GHz will require a LMDS operation above 40 GHz will require the
minimum of 7 times as many cells. H"" number of cells as 28 GHz LMDS.

40 GHz LMDS transmission equipment cost is .. GHz LMDS transml..lon equipment cost Is
double the 28 GHz cost. similar to 28 GHz cost.

No 40 GHz MVDS systems in Europe due to Ttter. are no operational 40 GHz MYDS systems
cost/performance problems. In Europe yet because the standardization

specifications were only completed In
"""'r of 1113.

European 40 GHz MVDS was conceived for the Europun 40 GHz MVDS was conceived for the
low-rain-rate European climate. European climate which has rain rat.. similar to

thoM In the U.S.

Europe acknowledges severe 40 GHz system The European MVDS Working Group did not
range/coverage problems. anticipate any range/coverage problems.

European MVDS working group aclmits frequency The European MVDS Working Group did not
reuse problem at 40 GHz. anticipate any frequency reu.. problem at 40

GHz.

Propagation losses at 40 GHz force inefficient The Hme cMnnel spacing can be used In the
channel spacing. 40 GHz band _ In the 28 GHz band.

Satellite spectral efficiency is maintained above 40 Spectral etrIclency Is maintained above 40 GHz
GHz but LMDS at 40 GHz requires four times as for both.....11te and LMDS.
much spectrum.

LMDS above 40 GHz likely to require 4 times as LMDS above 40 GHz will require the s.me
much spectrum as 28 GHz. amount of spectrum _ at 28 GHz.

I Comments of CellularVision, LMDS is not Viable in the Frequency Bands Above 40 GHz, (filed January 30,
]995) ("CVNY Paper").
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CellularVision is wrong, 41 GHz LMDS service will not cost 30 to 40 times the cost at 28

GHz. It will not cost 14 times the cost at 28 GHz. It will not cost 7 times the cost at 28

GHz. It will not even cost 2 times the cost at 28 GHz. It may initially cost 2% more, but

even then over time it will cost the same as 28 GHz LMDS service.

CtI'ularViaion Oa. not Provide Any R",,.nc.. to Support .ts Technica.

Statem.nts

CellularVision argues that "Operation of the LMDS system above 40 GHz results in a

direct increase [of) system cost by a factor of thirty to forty (30 to 40). "2 CeliularVision

does not provide any factual information to support its claim, rather, they use

unsubstantiated guesses and mis-information. In fact, CeliularVision's 21 page

appendix, "LMDS is Not Viable in the Frequency Bands Above 40 GHz", does not

provide even one reference to support any of its technical statements, or more

accurately, mis-statements.

C.llularVilion'. CompedloOl a,. BiaHd

CeliularVision provides link budgetsJ that purport to provide an apples-to-apples

comparison of 28 GHz and 41 GHz LMDS systems. CeliularVision even states that

"this is necessary to make the comparison valid and to fully bring to light any benefits or

penalties which may result due to operation of the LMDS system at 40 GHZ."4 In reality

CellularVision's comparison is apples-to-oranges. Three obvious system differences

are highlighted in the following table.

28GHz 41 GHz
Transmit Power for 50 Channels 20Wds 9W8tts
Transmit Antenna Coverage 50 ..,ation coverage 6.30elevation coverage
Receive Antenna Diameter 7.5- 5.5"

2 CVNY Paper, at 4.
J CVNY Paper, at 5, Table 1.
4 CVNY Paper, at 5.
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Collectively, these difference result in penalizing the 41 GHz system by 7.5 dB.

CellularVision uses these biased results to claim that LMDS systems can only operate

with 1.15 mile radius cells at 41 GHz as opposed to 3 mile radius cells at 28 GHz. This

is the basis of their claim that 7 times as many cells would be required for 41 GHz

operation.

A true apples-to-apples comparison, as provided in Teledesic's comments. shows that

for identical hub antenna coverage, for identical transmit power, for identical cell size,

and for identical subscriber antenna diameters, a 41 GHz LMDS system operating in

New York City provides 99.75% rain availability. This is better rain availability then

Hughes' commercially successful DIRECTV service. Thus an economically viable 41

GHz LMDS system requires exactly the same number of cells as a 28 GHz

system. An apples-to-apples comparison in shown in the following table.

HonMt Unk Budge" for UlDS 0
..

at 28 GHz and 41 GHz

~dBW
41 GHz

Power Transmitter +20dBW
7 dB linearity b8ckoff +13dBW +13 dBW
50 channel factor (-17 dB) -4 dBW/channel -4 dBW/channel
Transmitter line loss -5 dBW/channel -5 dBW/channel
Transmit antenna gain +7 dBW EIRP/channel +7 dBW EIRP/channel
Maximum range 3 miles / 5 km 3 miles/5 km
Rain Availability 99.9% 99.7%
Path lOIS -148.4 dB C 28 GHz -150.7 G 41 GHz
Receive Antenna Gain +32 dBi +35.3dBi
Received carrier level -109.4 dBW/channel -107.4 dBW/channel
Receiver noise figure 6dB 6dB
Receiver noise level (18.8 MHz -125.4 dBW/channel -125.4 dBW/channel
bandwidth)
carrier to noise ratio 16dB 16dB
VIdeoSNR 45 dB 45dB
PictUre -C' rating 3.8 3.8
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Callu'arVillon', COlt EsUm.tn are Unsupported and peceptive

CellularVision then· goes on to argue that 41 GHz LMDS transmission equipment will

cost double that of 28 GHz equipment. This is an extremely misleading argument.

Their argument is supported by statements like

• "the cost [of TWTAs] is projected to be nearly double the cost of ... 28 GHz
[TWTAs)"'

• "even with an allowance for dOUbling the cost of the antenna"6
• "the cost of the down converter is expected to be a minimum of 75 percent higher,

with a cost increase factor of more than 100 percent likely"'

CellularVision provides no support for these dubious statements. A reputable

equipment manufacturer, with an obvious interest is supplying equipment to LMDS

operators, Endgate Technology Corporation, has stated in its comments that "Opening

the 40 GHz band would result in slightly higher-cost millimeter wave equipment (as

compared to 28 GHz equipment) ... Initially this will result in 40 GHz transmit and

receive equipment on the order of 15% to 20% more expensive then equivalent 28 GHz

equipment. Endgate further states that "Over a period of time this price differential will

become insignificant in much the same way as the price differential between C-band

and Ku-band systems has declined....

Regardless of the possible cost differences between 41 GHz and 28 GHz millimeter

wave components, CellularVision's argument is deceptive. The real issue is the total

cost of the transmitter station. The modulators, IF equipment, encoders, power

supplies, equipment racks, site cost, and the equipment required to distribute

programming to the hub are identical for both 41 GHz and 28 GHz operation. Even

assuming that the millimeter wave components accounted for 10% of the transmitter

, CVNY Paper, at 6.
6 CVNY Paper, at 6
, CVNY Paper, at 7
8 Endgate comments at 5
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station cost and using CellularVision's unsubstantiated estimate of a 100% cost

increase for these components, the total transmitter station cost would increase by only

10%. Using Endgate's more realistic estimates for the millimeter wave components

suggests an initial total cost increase of only 2%, decreasing to 0% over time.

CellularVision makes a similarly misleading argument with regard to the subscriber

receiver unit. They state ..... will result in a cost increase relative to the 28 GHz receiver

of 75 to 100 percent." Again, the real issue is the total cost of the subscriber unit and

only a small fraction of the components, specifically the antenna and the low-noise

blockconverter (LNB), are impacted when changing from 28 GHz to 41 GHz operation.

The IF, demodulators, decoders, power supply, case, and user interface are identical

for both 28 GHz and 41 GHz operation. Again, using Endgate's more realistic estimates

for the millimeter wave components suggests a small initial total cost increase,

decreasing to 0% over time.
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J.M.DS SYSTEMS ARE VIABLE ABOVE THE 28..GJ:Iz..BAND

CellularVision argues that "There are no LMDS systems above 40 GHz in the world

because they are not viable above the 28 GHz band". This statement exemplifies

CellularVision's line of reasoning through out their "technical" paper. Namely, present

only selective data, extrapolate the data beyond its reasonable limit, and arrive at far

reaching conclusions. Needless to say, these conclusions do not reflect reality but

rather serve CellularVision's narrow interest of obtaining a license to operate an LMDS

system in New York, based on their "pioneer preference", and building an LMDS

system based on their "patented" technology. In this section additional information is

provided about a 40 GHz MVDS system in Europe. This information corrects and

completes the comments that CellulaNision has provided. Conclusions can then be

drawn about the feasibility of LMDS at 40 GHz that are based on facts.

CellularVision argues that although bands above 40 GHz have been authorized for

years in Europe for MVDS, which is similar to LMDS, there is no known 40 GHz

systems currently in operation. This argument is flawed in two respects. First, although

the use of 40 GHz band was first authorized in 1990, the specification for the analog

MVDS system was not completed until September of 1993 [1]. Second, the relevant

issue is not when the 40 GHz band was first allocated for MVDS application I the

important issue is the current status and the Mure plans of MVDS in this band.

Sometimes the development of the hardware for the system implementation requires a

period of time follOWing approval of a specification for a new service. The fact that the

40 GHz band has been allocated for LMDS type services for four years or longer is not

the relevant issue. The issue is whether today MVDS at 40 GHz is a viable option from

both the technical and economical point of view.
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InV'ltmentl in the 40 GHz EQuipm.nt Ov.r the Last Several years Makes LMDS

at 40 GHz F.,libl. -

Over the last several years, a tremendous engineering effort has been devoted towards

designing the MVDS at 40 GHz. As a result of this on going effort and investment of

millions of dollars in equipment development, and in experimental work at 40 GHz, the

implementation of MVDS in this band is now feasible. CellularVision in its comments

makes vague statements such as "The technical shortcomings of potential systems for

operation in the bands above 40 GHz are obvious to system designers. " inputs that

LMDS is not feasible above the 40 GHz. The natural question that is raised by this

inference whether all the investments made in developing MVDS above 40 GHz been

wasted, and whether the companies that invested and worked in this frequency band

have abandoned their plans and are now actively pursuing other systems. The answer

is clear, the investment in this band has paid off. Companies such as Eurobell have

applied for and have obtained the license to deploy and operate MVDS at 40 GHz band

in Europe. Companies such as Philips Microwave and GEC Plessey have developed

equipment that makes the implementation of MVDS possible at 40 GHz and they

continue to invest in improving their existing hardware.

CellularVision is right in asserting that five years ago the technology to implement an

LMDS system at 40 GHz was not mature. But the important fact is that as a result of

many years of engineering effort and investment of millions of dollars, equipment is now

available which make the implementation of an LMDS system feasible at 40 GHz.

-VDS DmtIQpnwnt in Europe Dempnatra1M the FUlibility gf LMDS at 40 GHz in

.u.s.
CellularVision asserts that even if 40 GHz system were deployed in Europe in the

future, their planned architecture and specification would preclude their role as an

effective broadband cable competitor in the U.S.. The reason for this statement,

according to CellularVision, is that for the same percentage availability, the rain rates in
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Europe are much less than the rain rates in the U.S.. However, the fact is that, except

for a small part of south eastern U.S., the rain rates for Europe are comparable to the

rain rates in the U.S.. -The confusion arises from the fact that' CellularVision compares

the rain rates in Europe for 99.7% availability with the rain rates in the U.S. for 99.9%

availability. This is yet another apples-to-oranges comparison by CellularVision.

CellularVision incorrectly states that "Rain rates in western Europe for 99.9% availability

are in the range of 3 to 7 mmlhour. 1I9 The Global Model for rain attenuation prediction,

also known as the Crane Model, shows that the rain rates in western Europe for 99.9%

availability are in the range of 5.2 - 22 mmlhour. The following table provides a

breakdown by country.

Rain Rate for 99.9%
Availability
(mmlhour)

France 7.2 -14.5
Ireland 7.2
Italy 9.8 - 22
Portugal 7.2 - 9.8
Spain 5.2 - 9.8
United Kingdom 7.2

The Global Model shows that in the United States, the rain rates for 99.9% availability

are in the range of 4.2 - 35 mmlhour. Thus the rain rates in the United States are no

more then 60% greater then those in Western Europe. In fact if Florida and parts of

South Carolina, Georgia, Alabama, Mississippi, Louisiana, Arkansas, and Texas are not

considered then the range is reduced to 4.2 - 22 mm/hour. This is essentially the same

range as for Western Europe. It should be noted that CellularVision's system is

designed for New York's rain rate and hence this. system does not provide the same

availability as in New York in the Southeastern United States. For the eleven Western

States, the range is 4.2 - 7.2 mmlhour. This is less than the range in Western Europe

9 CVNY Paper, at 12
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by up to 67%. CellularVision's claim that the rain rates in the United States are "two to

five times higher than the rates in Europe"IO is false. This is another example of

CeliularVision's attempt to mis-lead the Commission.

Two Way Intaractiye LMDS i. Fe••ible at 40 GHz

CeliularVision, in its comments, selectively quotes from the report of the 40 GHz MVDS

Working Group [1]. For example, CellularVision reports that the MVDS Working Group

has concluded that the potential for two way interactive LMDS in the bands above 40

GHz is bleak. It should be noted that the MVDS Working Group has only addressed

the system specification for an analog one-way MVDS system, and hence the design of

a back channel was not considered in detail. However, since the publication of the

specification for analog MVDS, the 40 GHz Working Group has re-convened to address

the requirement for specification for licensing digital MVDS and the requirements for

MVDS interactive back-channel. Values of between 64 kBits/s and 128 kBits/s has

been considered for back channel to allow for interactively and telephony.

Equipment for LMDS Implementation It 40 GHz is Ayailable

The MVDS Working Group equipment guidelines were developed based on 1991

technology. As a result of the on-going investment in 40 GHz technology over the past

several years, the performance of 40 GHz components has improved considerably. For

example, the MVDS Working Group specified the transmitter power guideline of 200

mW per channel based on a review of the solid state and traveling wave tube amplifier

state-of-the-art in 1991. By 1996 transmit powers of up to 1W per channel will be

achievable using pseudo-morphic HEMT devices [2]. This also demonstrates that

Texas Instruments' comment that "Solid state power generation that is available with

today's technology ... .is ....0.01 Watt at 40 GHz" is false and self-serving..Similarly, the

MVDS projection of 9 dB receiver noise figure for preamplifiers has been surpassed by

10 CVNY Paper. at 12
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today's PHEMT devices which provide a noise figure of 5 dB noise figures (see data

sheet attachment

Another issue that has been raised by CeliularVision is the "limitation of frequency

reuse" at 40 GHz "because of sidelobe suppression, cross polarization..... ". The MVDS

Working Group in their report suggest that at a rain rate of 25 mmlh. the rain-induced

cross-polarization discrimination would be of the order of 25 dB for a 5 km path, which

is about 7 to 10 dB better than the worst case (off bore-sight) values for antenna XPD.

Rain induced XPD is therefore not expected to be a problem. Several propagation

experiments are currently being carried out by Ratherford Appleton Laboratory (RAL)

and University of Essex to determine other propagation characteristics at 40 GHz in

different regions. In contrast. CellularVision has not undertaken any extensive

propagation experiments which show the propagation characteristics of the 28 GHz

band in different regions. CeliularVision's narrow interest is in the deployment of

an LMDS system in New York. Its comments selectively quote paragraphs out of

context from technical documents and build a case that serves its need.

-VDS Frequency pl.n is dMigntd to Muimiu CommonalitY with Satellite

Services

CellularVision also asserts that the propagation losses at 40 GHz have forced MVDS to

select inefficient channel spacing. CellularVision concludes that "The 26 MHz

bandwidth is required to achieve additional FM improvement gain in the demodulator

over the U.S. FM bandwidth of 20 MHz because the additional gain is needed to

achieve even a minimally acceptable range in the European climate for one-way MVDS

service." This is yet another misrepresentation of MVDS by CeliularVision. The

specification, MPT 1550, has been drafted by the MVDS Working Group to provide

maximum commonality between MVDS and satellite Direct-To-Home (DTH)

receivers. The channel spacing proposed by MVDS therefore exploits maximum

commonality with DTH indoor receiver units by using them as a basis for MVDS

receivers. This then has defined the co-polar channel spacing at 29.5 MHz interleaved
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with cross-polar channels from the other channel groups to be used in adjacent service

areas at 14.75 MHz, with the channel bandwidth set at 26 MHz. The MVDS Working

Group decision for the channel spacing was based on providing a low cost readily

available indoor receiver unit utilizing the existing in door DTH receiver.

Development of DlgI.1 MVDS Tat. AdYln.a- of the Latest Technology in

Digital Compreulon to Achieve EMcitnt Ule of Spectrum

Since the initial development of the analog MVDS specification, great progress has

been made in digital compression techniques. It is therefore expected that the majority

of Direct Broadcast Satellite services and cable will adopt the MPEG-2 digital format in

the 1995 to 1996 time frame. The MVDS Working Group is currently developing the

specification for a digital system. One approach being considered is to treat each

analog FM channel as a broadband multiplexed datastream. Typical MPEG-2

compression results in data rates of between 2 MBits/s and 6 MBits/s for typical

entertainment channels. Therefore a 24 MBits/s of data can include from 4 to 12

channels of programming. This data can then be transmitted at the 29.5 MHz channel

spacing, resulting in total of 128 (4x32) to 384 (12x32) programming channels. The

MVDS Working Group is realizing that the FM system is the technology of the past, and

future systems will need to rely on efficient use of spectrum through employment of

digital techniques. In this respect, CellularVision's FM system represent an outdated,

archaic system.
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SPECTRUM ALLOCATION CONSIDERATIONS

-

CellularVision offerS a collection of loosely related· facts and statistics11 in support of

their conclusion that LMDS is going to satisfy the demands of the Information Age while

protecting us all from the evil monopolies of the telephone, cable and satellite

industries. Their paper ignores what has, and always will be, the fundamental issue

behind this debate: that 28 GHz is internationally authorized for Fixed Satellite

Services (FSS) and for the United States to unilaterally authorize an incompatible

service in that band would prevent the development of a global broadband FSS

system. Such action will crippl. an ....ntlal compon.nt of the National

Information Infrastructure and the Global Information Infrastructure.

Radio spectrum is a precious, natural resource and its allocation should not be taken

lightly. As an influential member of the International Telecommunications Union and a

worldwide economic and technology leader, the United States has both a domestic and

international responsibility to judiciously allocate that resource in a way that is fair and

will extend the benefrt of that resource to the meet the greatest need. To d.prive the

world of access to an advanc.d digital n.twork at the expense of an inh.rently

local system would be unfortunate and irresponsibl•.

CellularVision states that, "we [society] have developed great concepts of interactivity

and information access but are unable to deliver the promised land to industry,

education and medical operations, or residences because of the lack of available low­

cost, high-bandwidth distribution systems.n12 Are we to conclude from CellularVision's

comments that the promised land should only be available to those people who live in

high-density areas with a large enough population to support investment in LMDS

infrastructure? This type of thinking only widens the gap between the information

haves and have nota.

II CeliularVision comments, "Spectrum Allocation Considerations". ("Appendix 3")
12 paragraph 3 of Appendix 3
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CellularVision goes through several calculations to determine that satellite service does

not have adequate capacity to address the 90% of-the population liVing in 10% of the

land mass of the U.S.13 Assuming for the sake of discussion this is true, areas of high

density are best served by current and planned broadband, wireline access services. It

is in these dense areas where the economics of wireline are most favorable. As

population density falls off, so does the economics of wireline access. Given

CeliularVision's argument, 80% of the land mass and 10% of the U.S. population

would never have acc..s to advanced digital networks and the economic and

social benefits associated with acce.. to these advanced services.

The CellularVision paper contains many references to the Information Age, the Global

Information Infrastructure and how the LMDS system supports such concepts. Yet, the

CellularVision system, as designed, without any back channel capacity does anything

but that. Even if the CellularVision system was, indeed, a two-way broadband system,

it is architecturally incompatible with one of the major principles of the Information

Revolution: universal access independent of location. The Information Revolution

unlike the Agricultural and Industrial Revolutions promises to free people from the need

to be in close proximity to major centers of infrastructure. Because of the nature of its

architecture, the LMDS system is only able to economically serve high-density

population areas and, as such, proliferates the old paradigm requiring proximity to

infrastructure. As economic prosperity and the general quality of life become

increasingly tied to acc_ to advanced digital networks, depriving any of this

country's population from acc_ to this improved quality of life is diametrically

opposed to a fundamental goal of the National and Global Information

Infrastructure initiativ..: universal acc..s.

13 paragraph 7 of Appendix 3
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CellularVision accuses the telephone, satellite and cable monopolies of both delaying

entry of competitors and conspiring to confine the American population to the "Iow­

bandwidth, low resolution technology" of today14. First of all, to say there is a monopoly

in any of these industries is preposterous. All one has to do is watch television to see

the competition for long distance, cellular and now, even local loop services. The cable

industry has been concerned by the obvious success of Direct TV and new entrants

Echostar and Primestar are poised to enter the market later this year. Likewise, the

satellite industry with several providers of VSAT services, competing little LEO data

services and the recent licensing of 3 "Big-LEO" systems for voice services should be

evidence enough that no monopoly exists. Oddly enough, CeliularVision is quick to

cry foul against the so-called monopolies, yet one of their biggest investors, Bell

Atlantic, is a member of the club they criticize.

CellularVision criticizes all existing and proposed fonns of communications

infrastructure as falling short on their ability to meet the demands of National and

Globallnfonnation Infrastructure. In fact, their statement that, "LMDS at 27.5-29.5 GHz

offers competition to the two major entrenched monopolies: cable and telephony,,15,

couldn't be further from the truth. First and foremost, the CellularVision system is a

one-way, point-to-multi-point system with no viable back channel capability. To

compare LMDS, as proposed, with a two-way, broadband, symmetric communication

systems is absurd. Current CellularVision trials have not demonstrated a realistic way

of achieving viable 2-way communication with their present architecture. For

CeliularVision to provide broadband back channel capability would require major

system design modifications to allow line-of.ite, and perhaps, even smaller cell

siz.s. Such modifications are both consistent and compatible with 40 GHz

requirements.

14 paragraph 8 and conclusion of Appendix 3
I' conclusion of Appendix 3
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In conclusion, CeliularVision has put forth an apples to oranges comparison. The

28 GHz band is internationally allocated for FSS systems. The systems proposed to

date by Hughes and Teledesic are global, broadband, interactive and based on the

latest digital technologies. These systems provide access and capability not presently

available by any other means. On the other hand, CellularVision's proposed system is

a one-way, video distribution system employing analog technology, providing services

for which several alternatives already exist (cable, wireless cable, network broadcast,

direct broadcast and, in the near future, video dialtone) and is economically viable only

in those areas with high population density. To deprive the world of the benefits

afforded by the proposed interactive, broadband systems in favor of a local one­

way system for which many alternatives exist today, would be an unfortunate

setback to the formation of the Global Information Infrastructure and a waste of a

precious natural resource: radio spectrum.
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Solid State

Features

Frequency: 10-50 GHz
Small Signal Gain: 7 dB
SSG/Frequency: ± 1.5 dB
Noise Figure: 4.5 dB
Pout @ -1 dB: +8 dBm
VSWR Input: 2.5:1
VSWR Output: 2.5:1
Chip Size: .039 x .095 x .004 inch I

Description

LMA142
GaAs MMIC Amplifier

The Litton LMA142 is a 10·50 GHz AIGaAs/GaAs PHEMT monolithic cascade distributed low noise amplifier
designed for low noise gain block, and gain control applications.

Electrical Specifications at TA =25°C

Test Limit

Symbol Parameter Conditions Min. Typ. Max. Unit

Freq. Operating Frequency Range Vds =3V 10 50 GHz

Idss Saturated Drain Current Ids =1/2 Idss 60 100 150 rnA

IS21 1 SmaU Signal Gain Vg2 =2V 6 7 dB

~G Gain Flatness z 1 z 1.5 dB

NF Noise Figure 4.5 6 dB

VSWR (In) Input VSWR 2.0:1 2.5:1

VSWR (Out) Output VSWR 2.0:1 2.5:1

P-1dB Power Output @ -1 dB Point 6 8 dBm

IS121 Reverse Isolation 13 15 dB

Notes:
1. All devices are 100% DC and RF probed (S-Parameters up to 40 GHz Only)
2. Specifications are subject to change without notice



LMA142

Solid State GaAs MMIC Amplifier

Typical Device Characteristics
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